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Abstract

Infant respiratory distress syndrome (IRDS) develops among premature infants due to structural immaturity of the lungs and
insufficient production of pulmonary surfactant. Nowadays, treatment takes place under conditions of intensive care and includes
oxygen therapy, mechanical ventilation, exogenous supplementation of pulmonary surfactant and antenatal corticosteroid ther-
apy. The treatment of IRDS, especially mechanical ventilation, may lead to complications which can contribute to developing
a severe dysfunction of the respiratory system. Unavailability of pharmacological treatment of IRDS and development of pulmo-
nary barotrauma due to mechanical ventilation in our patient led to the forming of severe pulmonary interstitial emphysema. In
this case report, lung transplantation was performed as an only successful therapeutic option.
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Introduction

Infant respiratory distress syndrome (IRDS),
formerly known as hyaline membrane disease,
is a common problem among preterm infants. Its
incidence is inversely proportional to gesta-
tional age (GA). Extremely preterm infants (GA
< 28 weeks) run the highest risk, nevertheless
IRDS also occurs among late preterm and even
term infants, however, the incidence is adequately
lower. A report prepared by the Safe Labor Con-
sortium reveals that IRDS was diagnosed in 10.5%
of infants born at the 34" week of gestation (WG),
6% at 35 WG, 2.8% at 36 WG, 1% at 37 WG, and
0.3% at > 38 WG [1]. The disorder is caused by
developmental insufficiency of pulmonary sur-
factant production and structural immaturity in
the lungs. Surfactant scarcity leads to inability to
maintain open alveoli during end expiration [2].

Antenatal corticosteroid (ACS) therapy and
application of exogenous surfactant has lowered
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the mortality and morbidity associated with RDS
[3, 4] but has not eliminated them. Complications
due to therapeutic interventions such as supple-
mental oxygen, positive pressure ventilation, and
the use of endotracheal tubes still exist and result
in different forms of pulmonary air leaks, which
can lead to the development of emphysema.

Case presentation

This case report describes a 38-year-old
woman who underwent lung transplantation in
2016 due to extremely advanced emphysema. The
beginning of the disease is difficult to determine
due to the lack of medical records and inaccurate
patient history.

According to our best knowledge, the woman
was born as a preterm infant in the 8th month of
pregnancy with diagnosis of hospital-acquired
pneumonia and IRDS. She required mechanical
ventilation, however, the exogenous surfactant
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as well as the antenatal corticosteroid therapy
couldn’t have been administrated because they
were not available at that time. The lack of ACS
therapy and employment of postnatal mechanical
ventilation without surfactant application were
the plausible reasons for major lung immaturity,
respiratory impairment and finally, initiated
pulmonary interstitial emphysema. At the age
of 2, due to recurring respiratory infections and
worsening exercise capacity, the patient was diag-
nosed with asthma. Despite complying accuracy
and available pharmacological therapy (inhaled
corticosteroid and short-acting §3,-adrenergic-ag-
onist), asthma was not sufficiently controlled.
The girl has undergone several pneumonia and
bronchitis until she was 10. Asthma treatment
was terminated at the age of 11 due to lack of
symptoms and achieved remission.

According to the patient medical history,
there were no cases of severe emphysema in her
family, she was not an active or passive smoker
either. The patient had no environmental expo-
sures and before the labor she had an office work.

In 2006, the woman became pregnant and
from the very beginning complained of escalating
dyspnea. After she went into a labor, a significant
deterioration of the respiratory function occurred,
and a quickly progressing emphysema was re-
vealed in the chest X-ray examination — a ce-
sarean section was conducted. Since delivery,
she has been hospitalized for a few times due
to significant deterioration of general condition
with increasing exertion and rest dyspnea, every
time being treated with antibiotics, steroids and
bronchodilators. The bronchial obturation re-
versibility test was conducted with the following
results: before bronchodilator-forced expiratory
volume in 1 second (FEV,) = 18%, forced expira-
tory volume in 1 second to forced vital capacity
ratio (FEV,/FVC) = 40% and after bronchodilator
— FEV, = 23%, FEV,/FVC = 42%.

In 2014, she was admitted to the Silesian
Center for Heart Diseases for preliminary qualifi-
cation to lung transplantation. Alpha 1-antitrypsin
deficiency and connective tissue diseases were
excepted. Echocardiography did not reveal any
abnormalities and did not indicate the presence
of pulmonary hypertension (right ventricle sys-
tolic pressure = 25 mm Hg, acceleration time =
143 ms, tricuspid annular plane systolic excur-
sion = 21 mm, left ventricle ejection fraction =
55%). During the six-minute walk test (6MWT),
the patient reached the distance of 356 m with
2 points in the Borg scale and 8% of desaturation
during the test. After 11 months, a decision of the

Figure 1. Results of computed tomography scan of the patient’s
chest from the qualification day for lung transplantation — multiple
emphysematous bullae

patient’s qualification for lung transplantation was
made. The woman demonstrated exacerbation of
lung dysfunction (FEV, = 21%, FEV,/FVC = 59%)
and deterioration of general state. In computed
tomography, multiple emphysematous bullae were
observed (Figure 1). The 6MWT must have been
stopped after 4 minutes — in that time the patient
reached the distance of 189 meters with 5 points in
the Borg scale, and desaturation from 97% to 91%
was observed (after the test oxygen was required).

Nine months after qualification, the woman
with an end-stage respiratory failure was admitted
to the transplantology ward for lung transplanta-
tion due to the availability of a compatible donor.
Uncomplicated, sequential double lung trans-
plantation was performed. Immunosuppressive
maintenance therapy including tacrolimus and
prednisone was administered. One month after
the surgery, the patient was admitted to the de-
partment due to the warning symptoms suggesting
deterioration of lung function. The woman was
diagnosed with mycotic infection with Aspergillus
spp. as a result of immunosuppression therapy
- voriconazole was administrated. During the
next several months, the bronchiolitis obliterans
syndrome occurred. Progression of bronchial
stenosis was probably associated with past fun-
gal infection. The patient underwent more than
50 balloon dilatations, more than 30 argon plasma
coagulations, 2 laser therapy and 1 cryotherapy
as bronchoscope interventions since lung trans-
plantation procedure. Despite postoperative com-
plications and multiple bronchial interventions,
the patient’s general state and respiratory function
have prominently improved, which is reflected
in her results. 2 years after transplantation, the
woman achieved in spirometry FEV, = 63% and
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Figure 2. Detailed results of spirometry before and after transplantation (% predicted of FEV, and FVC)
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Figure 3. Detailed results of 6 minute walk test before and after transplantation

FEV,/FVC = 79%. In 6MWT, she reached the dis-
tance of 510 meters with 3 points in the Borg scale
and without desaturation. The results of spirome-
try and 6BMWT following 5-year observation were
presented in Figure 2 and Figure 3, respectively.

Discussion

The patient’s condition that contributed to the
decision about lung transplantation takes origin

in a neonatal period and is a synthesis of several
factors such as the absence of antenatal steroids
therapy, lack of surfactant supplementation, pneu-
monia, invasive mechanical ventilation, severe
asthma, recurring infections and labor.

Since the core of IRDS is lung immaturity, the
best intervention would be to prevent delivery of
premature infants. However, if preterm birth can-
not be avoided, IRDS may be prevented, its sever-
ity decreased or its effects reduced by application
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of antenatal steroid therapy, exogenous surfactant
supplementation and early administration of posi-
tive airway pressure. As a result of these measures,
many extremely low birth weight infants do not
exhibit the clinical features of RDS [5].

While mechanical ventilation is definitely
lifesaving and has led to improvement in neo-
natal survival, it may cause severe and chronic
lung damage. In this case, invasive mechanical
ventilation was complicated by an air leak and
resulted in pulmonary interstitial emphysema,
which is characterized by trapping the gas from
the alveoli inside the interstitial spaces of the lung
and is diagnosed on the basis of chest radiography
[6]. Clinical data suggest that this type of compli-
cation is associated with increased mortality and
morbidity in preterm infants and can negatively
affect long-term pulmonary and non-pulmonary
outcomes [7]. The incidence of pulmonary inter-
stitial emphysema in the randomized controlled
trials evaluating prophylactic vs rescue surfactant
therapy totaled 3% to 5% [8]. According to the
one retrospective study, risk factors for develop-
ing pulmonary interstitial emphysema are higher
maximum inspired oxygen concentration and
higher mean airway pressures when compared
with that in control subjects. Moreover, in infants
weighing less than 1000 g, these factors were
associated with an increased risk of death [7].

Neonatal pneumonia may be both the reason
for respiratory distress and an additional im-
pairing factor in the preexisting one. Early-onset
pneumonia is commonly presented by respiratory
distress beginning at birth or soon after it, while
the highest risk of late-onset pneumonia exists in
the group of preterm infants who require assisted
ventilation. Data from adults that are transposable
to neonates show the four times higher risk of
hospital-acquired pneumonia in intubated than
in non-intubated patients [9].

Research efforts have been devoted to devel-
oping innovative ventilation strategies aiming
to provide sufficient gas exchange along with
decreased incidence of complications and dam-
age [10]. According to the European Consensus
Guidelines, CPAP should be preferentially started
from birth in all infants at risk of RDS until their
clinical status can be assessed. nCPAP is the
preferred noninvasive alternative to endotracheal
intubation and mechanical ventilation for very
preterm infants (GA < 32 weeks) who are at risk
of IRDS.

Volume-targeted ventilators provide a more
consistent tidal volume, which results in lower
lung injury rate than in pressure-limited venti-

lation. Data have demonstrated that volume-tar-
geted ventilation is associated with a lower risk
of BPD and mortality than pressure-limited
ventilation and is also reported to be superior to
pressure-limited ventilation in the management
of acute respiratory failure in neonates [11].

Antenatal administration of corticosteroids
improves both lung mechanics and gas exchange
through accelerating the development of type
1 and type 2 pneumocytes, which leads to struc-
tural and biochemical changes. A single course of
antenatal corticosteroid therapy administered to
women at risk of preterm delivery (PTD) reduce
both prevalence and severity of respiratory dis-
tress syndrome as well as mortality in offspring,
which was shown by Liggins and Howie in a land-
mark paper [12]. The outcome has been confirmed
in over two dozen randomized trials [13].

A significant reduction in the incidence of
IRDS among infants exposed to ACS therapy has
been consonantly notified in randomized trials
performed worldwide. In a 2017, a systematic
review of randomized trials that compared an-
tenatal corticosteroid therapy with placebo/no
treatment among women at risk of preterm birth,
ACS therapy resulted in a reduction in IRDS (RR
0.66, 95% CI 0.56-0.77), reduction in moderate to
severe disease (RR 0.59, 95% CI 0.38-0.91) and
reduction in need for mechanical ventilation (RR
0.68, 95% CI 0.56-0.84) [13].

Exogenous surfactant replacement therapy is
effective in reducing IRDS mortality and morbid-
ity in preterm infants, which has been shown in
several clinical trials conducted among preterm
infants at the greatest risk of IRDS. In these trials,
comparing surfactant therapy versus placebo,
surfactant administration was associated with
a lower prevalence and advancement of RDS,
reduced mortality, and a decreased rate of asso-
ciated complications such as pulmonary leak,
including pulmonary interstitial emphysema [14].

Intubation and administration of surfactant is
appropriate for the patients with persistent severe
respiratory distress [required fraction of inspired
oxygen to maintain oxygen saturation above 90%
(FiO,) > 0.40] or who are apneic [15]. Surfactant
therapy is most effective when administrated
within the first 30 to 60 minutes of life and pre-
ceded by the placement of a pulse oximeter and
clinical confirmation of correct endotracheal tube
placement as well as balanced with appropriate
time of nCPAP [14, 16].

What is remarkable, in the time when this
patient was born, neither the antenatal corticoste-
roid therapy and surfactant replacement nor the
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noninvasive ventilation strategies were available,
hence couldn’t have been applied.

To conclude, premature infants with imma-
ture respiratory system demand comprehensive
and specialized measures of protection and ad-
vanced therapy as early as possible, including
antenatal age. Careful attention to many aspects
of neonatal care such as antenatal corticosteroids
therapy, delivery room resuscitation, ventilatory
support and surfactant administration are needed
to decrease pulmonary complications. Neverthe-
less, the results are not always as satisfying as
supposed and may be not sufficient enough. By
multicasual and long-lasting lung impairment, at
some point of age, lung transplantation remains to
be the only reasonable and lifesaving. therapeutic
option for such patients.
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